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Recovery exceeds 95 % and the coefficient of variation is less than 4 % for human whole-blood samples supplemented with 5 to 15 ng of clomipramine hydrochloride or 20 to 60 ng of dehydroimipramine hydrogen fumarate per milliliter. For both amines, the detection limit is 0.3 zg/liter. Six healthy volunteers who received a single oral dose of 50 mg of clomipramine hydrochloride showed peak drug concentrations in the blood 3 to 5 h after administration, ranging between 14.4 and 30.1 Mg/liter. Plasma/whole blood concentration ratios varied from 0.70 to 1.20 , and the cumulative renal elimination from 0 to 72 h is less than 0.2% of the dose. This method is suitable for in vivo bloavailability studies of unchanged clomipramine, dehydroimipramine, and imipramine after a single oral dose of as little as 25 mg. 
Materials and Methods

Instrument
Analyses were done with a Model 9000 combined gas 
013
CVIII)
All chemicals were of analytical grade and were specially tested for purity with blank runs.
Synthesis of the Deuterium-Labeled Internal Standards
The reaction pathway for the preparation of the deuterium-labeled internal standards is outlined in No evidence is given, however, for the specific labeling of the resulting products.
D4-and D5-Clomipramine
(XXIII and XVII). Dideutero-and tetradeutero-3-iodopropanoic acid XVIII and XII were prepared by reaction of D4-ethylene glycol IX to ethylene bromohydrin X and hydracrylonitrile XI, and hydrolysis of the latter with hydroiodic acid or deuteroiodic acid, respectively. After methylation of the two 3-iodopropanoic acids and reaction of the esters XIX and XIII with dimethylamine, the same reaction pathway was followed as described above for dehydroimipramine. During substitution of tetradeutero-3-iodopropanoic acid methyl ester XIII with nondeuterated dimethylamine, one deuterium atom was lost, because of the elimination-addition mechanism of this substitution (14) .
D5-Desmethylclomipramine
(XXV) was obtained after reaction of D5-clomipramine XVII with ethyl chioroformate and hydrolysis of the carbamic acid ester XXIV.
Extraction Procedure
At pH values exceeding 10, the amines are extracted in high yield with n -heptane/isoamyl alcohol (99/1 by vol); at pH values below 2, the amines can be re-extracted from the solvent. 
Quantitative Evaluation
For quantitation, the peak-height ratio of the mass spectrometer response at the specific masses of the molecular ions of the substance to be analyzed and of the internal standard is compared with the calibration curve, which is prepared with each assay. With use of deuterium-labeled internal standards, equivalent calibration curves can be obtained by directly injecting mixtures ofthe salts ofthe substance to'be analyzed and of the internal standard, or by injecting a portion of the extract of 1 ml of drug-supplemented samples of human whole blood.
The solutions containing 1 mg of labeled or nonlabeled clomipramine hydrochloride, imipramine hydrochloride, or dehydroimipramine hydrogen fumarate in 10 ml of pyridine are stable for a year at 4 #{176}C. Therefore, we directly injected mixtures of these solutions for calibration and used the supplemented human whole blood samples, which were also run with each assay, for precision and accuracy documentation. Figure 4 shows the calibration curves for clomipraniine hydrochloride by direct injection of salt mixtures in pyridine (A) and by injection of a portion of the extract from 1 ml of drug-supplemented samples of human whole blood (B). Each least-squares line is characterized by three parameters: the slope m , which is influenced by a proportional error, the y-ihtercept b, which is influenced by a constant error, and the standard error of estimate S, which quantitates the random error (17, 18) .
Results
Method
The parameters rn, b, and S,, of the calibration curves of dehydroimipramine hydrogen fumarate, imipramine hydrochloride, and the pentafluoropropyl derivatives of desmethylclomipramine are listed in Table 1 . Day- to-day precision and recovery for clomipramine hydrochloride and dehydroimiprammne hydrogen fumarate obtained from repeated analyses of 1 ml of drug-supplemented human whole blood are given in Tables 2 and  3 . For both amines, the detection limit, equal to twice the standard deviation of the day-to-day precision of the samples supplemented with the lowest amount of drug, is 0.3 big/liter. In a clinical study, six healthy volunteers received a single oral dose of 50 mg of clomipramine hydrochloride in the form of two 25-mg "Anafranil" commercial sugar-coated tablets. Whole-blood samples were drawn just before and 0.5, 1, 2, 3, 5, 7, 10, 24, 34, 48, and 72 h after administration, and urine was collected before and during the time intervals 0 to 24, 24 to 48, and 48 to 72 h. All these samples were kept frozen at -20 #{176}C and analyzed within four weeks. Figure 5 shows the whole blood concentrations of unchanged clomipramine hydrochloride, Table 4 contains the areas under the whole blood concentration curves from 0 to 72 h and the plasma/whole blood concentration ratios, and Figure 6 shows the cumulative renal elimination from 0 to 72 h for each of the six healthy volunteers.
Discussion
Gas Chromatograph/Mass
Spectrometer System
Excellent day-to-day precision of the gas chromatograph/mass spectrometer system has been found by directly injecting salt-mixtures of the substance and the internal standard in pyridine. The coefficient of variation of the slope m of these calibration curves was less than 1%.
For imipramine and dehydroimipramine, where internal standards labeled with two deuterium atoms were used, the calibration range for a given quantity of internal standard is limited because of the natural 'C content of the nonlabeled material (19). To avoid a significant contribution of the substance to the signal on the specific mass of the internal standard, an excess of internal standard must be added to the biological sample. The excess of deuterium-labeled internal standard serves also as a carrier to minimize losses during the extraction procedure. of substance per liter of water, ethanol, or n-heptane; for solutions in 10 mmol/liter HC1, these losses were less than 5%. The best results, however, were obtained by directly dissolving the substance in human whole blood.
One-milliliter portions stored at -20 #{176}C showed an analytical recovery of about 96% after two months and of about 90% after four months.
PharmaCokinetic
Study with Clomipramine in Man
The rapid passage of the clomipramine to the body tissues and metabolism of the major part of the drug are the reasons for the low concentrations of unchanged clomipramine hydrochloride found in biological fluids (20). Nevertheless, the whole blood concentrations observed from 0 to 48 h after administration of a single oral dose of 50 mg of clomipramine hydrochloride to six healthy volunteers are two-to a 100-fold the detection limit of the method, and the six areas under the whole blood concentration curves differ by a factor of less than two.
The peak blood concentrations of unchanged clomipramine hydrochloride range between 14.4 and 30.1 /Lg/liter and the cumulative renal elimination from 0 to 72 h varies between 33.0 and 77.8 sg, corresponding to 0.07% and 0.16% of the dose. These results accord with previously reported studies on the pharmacokinetics of clomipramine (20, 21) and demonstrate the possibility to study in vivo the bioavailability of unchanged clomipramine hydrochloride in human whole blood after a single oral dose of 50 or even 25 mg with the gas chromatography/mass spectrometry method when a deuterium-labeled internal standard is used.
